We realize an ultra-fast source of telecom single photons heralded at MHz-rates by combining a 10-GHz repetition-rate laser with off-the-shelf fiber components and waveguide nonlinear stages. Measured 2nd-order autocorrelation functions are the lowest reported to date.
The reliable generation of single photon states at telecom wavelength is a crucial ingredient for long distance quantum communication on optical fibers [1] . At the same time, to guarantee fast and secure data exchanges it is mandatory to work with ultra-fast photon sources, able to generate high quality single photon states with negligible multi-photon contributions [2] .
A valuable way to produce telecom single-photon is represented by heralded single photon sources (HSPS). In these schemes, pairs of correlated photons are produced and the detection of one of the photons is used to herald the emission time of its twin [1] . In most of experiments, entangled telecom photons originate from the spontaneous parametric down conversion (SPDC) of optical pulses at ≈ 780 nm generated by solid-state mode-locked lasers [3] . However, the repetition rates of solid-state lasers are currently limited to few hundreds of MHz, so that to achieve ultra-fast operation, it is necessary to increase the mean number of emitted photon pairs by augmenting the pump power at the input of the SPDC-stage. A main drawback of this method is that, by doing so, multi-photon contributions become non-negligible.
Ultra-fast fiber lasers available in the C-band of telecom wavelengths emit picoseconds pulses with repetition rates up to 10 GHz. At the same time, the very high efficiency of periodically poled lithium niobate waveguides (PPLN/w) gives the possibility of cascading non-linear processes. In our work, we combine state-of-the-art telecom laser technology and guided-wave non linear optics for generating telecom entangled photon at the ultra-high repetition rates. Optical pulses from by a 10 Ghz fiber laser are sent to a PPLN/w to be converted from 1540 nm to 770 nm via second-harmonic generation (SHG), and then used to pump a second PPLN/w so as to generate, via spontaneous parametric down conversion (SPDC), photon pairs at 1540 nm (see figure 1 ). Subsequently, the paired photons are deterministically separated by using a combination of a wavelength division multiplexer (DWDM) and a fiber Bragg grating (FBG) filter, in complementary standard telecom channels (ITU 43 and ITU 50) [4] We characterize our sources in terms of the quality of single photon-pairs thanks to a conditional scheme: the detection of photon in one channel, performed by a superconducting single photon detector (SSPD) able to handle 10 GHz repetition rate, will herald the presence of complementary photon in the other arm of the setup. We measure 978-1-55752-968-8/15/$31.00 ©2015 Optical Society of America for the probability of detecting pairs of photons ≈ 0.42, while, thanks to the laser high repetition rate, we observe heralding rate varying from a few tens of kHz up to 2.1 MHz, while keeping the mean number of photon-pairs generated per pump pulse well below the limit of 0.1 for which multi-photon contributions are negligible. These results are confirmed by a standard Hanbury Brown and Twiss (HBT) measurement who certifies the low probability of unwanted multi-pairs events against single-photon pair ones. Our experimental results for the autocorrelation function, g (2) (0) are in figure 2. The quantity g (2) (0) is ideally 0 for perfect single photon Fock states but increasing with the probability of unwanted two (or more)-photon events. Our highest experimental g (2) (0) is 0.023, representing, to our knowledge, the best measured value for the autocorrelation function of heralded single photons announced at a rate in the MHz regime [4] . The mismatch between the theory and the experiments observed for high R H can be explained by non-negligible photonic noise due to unwanted time and spectral modes on the heralded photons.
In conclusion, we have employed advanced telecom technologies combined with non-linear optics to realize an ultra-fast HSPS able to provide high-quality single photons at telecom wavelength. In order to prove the high quality of our heralded single photons we measured their autocorrelation function, obtaining heralding rate up to MHz. The results prove that our source is a valuable candidate for many quantum optics and quantum communication scheme where the requirement of fast data exchange and negligible-multiple photon emission are mandatory.
